Abstract: An elongation or partial articular-sided tear of the radial lateral collateral ligament (R-LCL) is a rare injury causing disability and instability of the elbow. In our experience this condition is often associated with a pathologic sign of the annular ligament named the "annular drive through" caused by a redundancy of the ligament. The benefits of performing an arthroscopic procedure for surgical stabilization of the R-LCL include smaller incisions with less soft-tissue dissection, better visualization of the joint, better repair accessibility, and elimination of the annular drive-through sign. The main steps of the operation are as follows: evaluation of annular drive through, inspection of the radial side of the joint, anterior capsulotomy, insertion of a suture anchor through the anterolateral portal, shuttling of the suture anchor through the ligament, and elimination of the annular drive-through sign. By use of this technique, it is possible to repair a lesion of the R-LCL with a suture anchor that ensures an anatomic repair and, at the same time, returns the annular ligament to its physiological tension.
P
rogressive elongation of elbow ligaments is uncommon. Unlike the medial collateral ligament of the elbow, which may elongate by a repetitive valgus stress, lateral collateral ligament (LCL) injury rarely occurs without trauma. 1, 2 An elongation or partial articular-sided tear of the radial lateral collateral ligament (R-LCL) recently has been reported. 3 This pattern is associated with a redundancy of the annular ligament. This finding, indicated by the possibility of driving a 4.2-mm shaver between the annular ligament and the radial head, is often evident. We named this sign the "annular drive through." The purposes of this article are to describe an arthroscopic suture anchor technique to repair the R-LCL and to show how this technique would reduce the annular drive through.
Surgical Technique
The patient is placed in a modified lateral decubitus position with the operative arm positioned at 100 of flexion and 90 of abduction at the level of the shoulder using an arm holder. The elbow is positioned at 90 of flexion, with the forearm hanging free to gravity (Video 1, Fig 1) . Posterior arthroscopy is performed first. To create the posterolateral portal, an incision is performed on a virtual line drawn between the apex of the olecranon and the epicondyle with the elbow flexed at 90
. With a blade, the full-thickness skin, subcutaneous tissue, and soft tissue are cut until the bone surface of the side part of the olecranon fossa is reached. By blunt dissection, the capsule is perforated, following the bone margin, allowing it to "fall" into the olecranon fossa. The midlateral portal is created with palpation of the radial head, with the elbow flexed at 90
. An outside-in technique is preferred to introduce the surgical instruments parallel or slightly inclined with respect to the radial head. With the arthroscope in the posterolateral portal and the shaver in the midlateral portal, the radiocapitellar joint is explored (Table 1) . Once the portals have been established, the annular drive through is performed (Fig 2) by introducing a 4.2-mm shaver through the midlateral portal between the annular ligament and the radial head. If this is easily possible, it is considered a sign of patholaxity or minor instability depending on the clinical findings and the other associated lesions.
The surgeon creates a proximal anteromedial portal 2 to 3 cm proximal to the medial humeral epicondyle and 1 cm anterior to the intramuscular septum, 4 incising only the skin with a blunt instrument. It is important to localize the medial intermuscular septum and gently follow it anteriorly until the front of the humeral surface is reached. At this point, sliding on the humeral epiphysis, the instruments can reach the anterolateral joint, toward the radial head. It is fundamental not to pierce the intermuscular septum because of the risk of encountering the ulnar nerve (the nerve identification makes this portal safer). The same care must be used, passing as close as possible to the bone surface, to pass under the brachialis muscle, which protects against iatrogenic lesions of the median nerve and vascular structures.
Insertion of a 30 arthroscope from the anteromedial portal allows intra-articular diagnostic evaluation of the anterior compartment. Instruments are introduced through the anterolateral portal located 1.5 to 2 cm proximal and 1 cm anterior to the lateral epicondyle. This portal is the most at risk because of the proximity of the radial nerve to the capsule at the radial head level. For this reason, we recommend performing placement of this portal by an outside-in technique, controlling the position from the anteromedial portal. The radial side of the joint is then inspected.
A limited capsulotomy anterior and proximal to the R-LCL is performed. If the R-LCL insertion on the humeral side presents a partial articular-sided tear (Fig 3) as shown in Video 1, a 5.0-mm double-loaded metallic suture anchor (MitekeDePuy Synthes, Warsaw, IN) is inserted through the anterolateral portal at the level of of abduction at the level of the shoulder using an arm holder. The elbow is positioned at 90 of flexion, with the forearm hanging free to gravity. e648 the R-LCL insertion on the capitellum (Fig 4) . A percutaneous shuttling technique with an 18-gauge spinal needle and a PDS suture (Ethicon, Somerville, NJ) is used. The ideal entry point is at the level of the radiocapitellar joint, aiming to enter the joint between the middle and anterior thirds of the radial head. The suture is retrieved from the anterolateral portal. A suture from the anchor is then shuttled through the ligament. The sequence is repeated twice. Post sutures are retrieved subcutaneously through the anterolateral portal as well. The sutures are then secured by standard sliding knots. Thereafter the R-LCL is secured back to the bone (Fig 5) . By returning to the posterior aspect of the joint, it is possible to evaluate how the annular drive through is now negative (Fig 6, Table 2 ).
Rehabilitation Protocol
To avoid varus stress, an articulated elbow brace is recommended. The upper limb is immobilized, limiting the last 30 of extension for 2 weeks. In the third and fourth weeks, use of an anti-varus brace is still suggested, with no limitations on range of motion.
Discussion
The advantage of an arthroscopic approach for the aforementioned lesion pattern is initially diagnostic. These minor injuries, such as the lesion of the articular portion of the R-LCL or the annular drive through would not be identifiable with an open procedure. The benefits of an arthroscopic procedure include smaller arthroscope. After all the sutures have been managed, the radial lateral collateral ligament is secured to the bone. incisions with less soft-tissue dissection, better visualization of the joint, and direct evaluation of final retensioning on the annular ligament by elimination of the drive-through sign.
LCL repair has previously been described in traumatic settings, [5] [6] [7] [8] but the novelty of the described treatment is the focus on plication of the R-LCL and retensioning of the annular ligament. The annular ligament is not an independent structure, being part of the complex of the LCL, but no signs of major instability are present during the preoperative or intraoperative evaluation. This is a possibly previously undescribed form of minor instability of the joint.
The general risks are the standard risks for arthroscopic elbow procedures 9, 10 and, more specifically, are related to portal management: While creating the midlateral portal, it is important to enter toward the radioulnar joint instead of the radiocapitellar joint to reduce the risk of iatrogenic injury to the articular cartilage. 11 It is mandatory to avoid the intermuscular septum because of the risk of injury to the ulnar nerve while establishing the anteromedial portal; it is also very important to slide under the brachialis muscle to protect the median nerve and vascular structures during instrument introduction. 4 The anterolateral portal is the portal most exposed to iatrogenic lesions because of the proximity to the radial nerve and joint capsule. 12 Finally, suture management must be performed with care to avoid musculotendinous entrapment (Table 3) .
Our patients did not have any intraoperative or postoperative complications. Long-term clinical results are necessary to confirm the validity of the described technique. This is a challenging procedure that requires accuracy and has a steep learning curve. 
